Study objectives: To assess the efficacy of cognitive-behavioral therapy for insomnia (CBT-I) in patients with non-malignant chronic pain. Methods: Twenty-eight subjects with chronic neck and back pain were stratified according to gender, age, and ethnicity, then assigned to one of the two treatment groups: CBT-I or a contact control condition. Intervention: Eight weeks of CBT-I including sleep restriction, stimulus control, sleep hygiene, and one session of cognitive therapy devoted to catastrophic thoughts about the consequences of insomnia. Measurements and results: Outcomes included sleep diary assessments of sleep continuity, pre-post measures of insomnia severity (ISI), pain (Multidimensional Pain Inventory), and mood (BDI and POMS). Subjects receiving CBT-I (n = 19), as compared to control subjects (n = 9), exhibited significant decreases in sleep latency, wake after sleep onset, number of awakenings, and significant increase in sleep efficiency. The diary findings were paralleled by significant changes in the ISI (p = 0.05). Significant improvement (p = 0.03) was found on the Interference Scale of the Multidimensional Pain Inventory. The groups did not significantly differ on mood measures or measures of pain severity. Conclusions: CBT-I was successfully applied to patients experiencing chronic pain. Significant improvements were found in sleep as well as in the extent to which pain interfered with daily functioning. The observed effect sizes for the sleep outcomes appear comparable to or better than meta-analytic norms for subjects with Primary Insomnia.
Introduction
In recent years there has been a growing interest in the veracity of the concept of ''Secondary Insomnia" and the assumption that such forms of sleep continuity disturbance are likely to be more resistant to treatment than Primary Insomnia. This challenge has largely occurred at a theoretical level. Lichstein and co-worker [1, 2] , have argued that it is nearly impossible to substantiate that insomnia is truly secondary and thus the distinction has little nosological value and should not be used to dictate when targeted treatment is warranted. This point of view is further buttressed by the Spielman Model [3, 4] which clearly suggests that chronic insomnia is maintained, irrespective of the original precipitants, by a common set of perpetuating factors which are largely cognitive and behavioral in nature. When taken together, these lines of thought suggest that treatments for Primary Insomnia should be effective for what is now considered ''comorbid insomnia" [5, 6] . One very plausible exception to this perspective is in conditions where the comorbid illness may act as both a precipitating and perpetuating factor. This scenario is likely to be the case with insomnia comorbid with chronic pain. The unremitting nature of chronic pain may directly contribute to acute and chronic sleep initiation and maintenance problems via a form of hyperarousal that comes with the experience of pain. To date, three trials with cognitive-behavioral therapy for insomnia (CBT-I) 1 have been conducted in the context of chronic pain [7] [8] [9] . The studies are briefly summarized below (see also Table 1 ). The first study of CBT-I in chronic pain was conducted with 60 chronic pain patients [8] . Thirty-two of the subjects were randomized to group CBT-I and 28 were randomized to a self-monitoring/waiting-list control condition. The second study was conducted with 47 fibromyalgia patients who received individual therapy with CBT-I (n = 18), sleep hygiene (n = 18), or treatmentas-usual for fibromyalgia (n = 11) [9] . The third study was conducted in 92 elderly patients with insomnia occurring in association with one of three conditions: chronic pain due to osteoarthritis, chronic obstructive lung disease, or coronary artery disease. In this study, the effectiveness of CBT-I was compared to a control condition consisting of stress management [7] . All three of the studies included sleep restriction and stimulus control as the main components of their CBT-I regimens; the Currie et al. [8] and Rybarczyk et al. [7] studies utilized group formats, and only one study [9] had treatment conducted by expert therapists.
In the first study (Currie et al.) , significant group differences were observed for self-reported sleep latency and wake after sleep onset. CBT-I was not associated with significant group differences in pain severity, although the mean changes were in a positive direction and the effects appeared to be in the moderate range. The pain reduction effect size (pre-post) at 3 months for CBT was 0.56 (moderate) compared to 0.15 for waitlist control (p = 0.12) [8] . In the second study (Edinger et al.) , significant group differences were observed for self-reported sleep latency, total wake time, and sleep efficiency. A trend (p = 0.07) was evident for wake after sleep onset. CBT-I was not associated with significant changes in pain measures but here again there was a modest mean prepost change with a moderate to large corresponding effect size (0.88). In the third study (Rybarczyk et al.) , the three medical conditions responded to CBT-I in a comparable fashion and the aggregate of the samples significantly differed from the control condition for self-reported sleep latency, sleep efficiency, and wake after onset. Evaluating the effect of CBT-I on pain was not a focus of this study.
Taken together, these studies support the notion that CBT-I may be successfully utilized with insomnia that occurs comorbid with chronic pain. Further, two of the three studies provide data (when viewed as effect sizes) that suggest that CBT-I may also confer some clinical benefit with respect to pain.
The purpose of the present study was to (1) garner additional evidence regarding the efficacy of CBT-I in treating insomnia in the context of chronic pain and (2) assess whether CBT-I is associated with clinical changes with respect to pain severity and/or pain interference (daytime function). In the case of the first goal, our intent was to deploy a form of CBT-I that was more rigorous than that provided in the prior studies. In the present study, the intervention was delivered as individual therapy where treatment was conducted according to the specifications of a published treatment manual by a therapist who received intensive training and extensive supervision. In the case of the second goal, a broader measurement strategy was utilized to evaluate pain responses in a homogenous sample of chronic pain patients. In the present study, three measures were used to assess pain: the Pain Disability Index (PDI), The Multidimensional Pain Inventory (MPI), and a Likert scale score on the sleep/pain diaries.
Methods
This study was approved by the Research Subjects Review Board (RSRB) of the University of Rochester. All subjects signed informed consent before engaging in any research activities.
Design
Patients with insomnia comorbid with chronic pain were recruited from the community and local pain treatment clinics to participate in parallel-groups, randomized, single blind trial of CBT-I with a contact/measurement control condition.
Inclusion criteria
Age 25 or older (to avoid delayed phase disorder); chronic (>6 months) non-malignant pain originating in the spine; insomnia reported as originating after, and/or aggravated by, the pain condition; insomnia (defined as >30 min sleep latency and/or minutes awake after sleep onset for >3 days/week for >6 months); preferred sleep phase between 10 pm and 8 am to avoid sleep phase disorders and shift workers; AHI < 10; no evidence of other intrinsic sleep disorders; stable therapy for pain; no therapy prescribed specifically for insomnia (subjects willing to discontinue medications prescribed for insomnia were eligible for the trial); stable pain medication regime (Table 2 ).
Screening procedure
Subjects underwent a full physical examination, urinalysis, and blood work to rule out unstable medical illness, pregnancy, fibromyalgia, seizure disorder or evidence of active substance or alcohol abuse. The Mini International Neuropsychiatric Interview (MINI) and urine toxicology were used to rule out acute psychiatric and addiction problems. The subjects underwent one night of polysomnography (PSG) to rule out sleep disorders other than insomnia.
Intake pain assessment
To ensure the subject met inclusion criteria with respect to the pain condition (and to establish pretreatment values) the patient underwent a comprehensive pain assessment using the McGill Pain Index. Subjects also filled out a medication list that included specific doses and frequencies of use, the Multidimensional Pain Inventory, and a medical history including current pain management therapies. Once deemed to be stable (no changes in any treatments for the pain condition for the past 3 months) the subjects were instructed to avoid making changes to their pain management regimen (or the initiation of any medications) while in the study. In order to assess for compliance with this instruction, subjects were re-evaluated at the end of the CBT-I treatment phase using (1) the same questionnaires as completed at baseline and (2) a comprehensive study chart review. Change from the baseline treatment regime was coded in a zero-one fashion and percent of subjects exhibiting no change was assessed per group. All other variables (e.g., sleep quality, fatigue, stress, pain, alertness, concentration, and mood) were expressed using a 0-10 scale, where 10 represented the most negative symptomatology. One variable (portion of day able to function) was reversed scored. Subjects were instructed to complete the sleep continuity portion of the diary first thing in the morning and the symptoms portion of the diary at the end of the day. Diaries were completed on a continuous basis (daily) beginning at study intake (pre-treatment) and ending 2 weeks after the completion of the intervention phase of the study. Week 8 diary assessment was used as the post-treatment measure.
Standardized questionnaires
Several instruments were administered at intake and sessions 1-8. The instruments used for this analysis included the: Insomnia Severity Index (ISI), Pain Disability Index (PDI), Multidimensional Pain Inventory (MPI), and the Beck Depression Inventory (BDI). The Epworth Sleepiness Scale (ESS), the Multidimensional Fatigue Index (MFI), and a symptom checklist were also administered on a weekly basis during treatment to assess iatrogenic effects or adverse events.
While the majority of the instruments noted above are common to insomnia research, the Multidimensional Pain Inventory and the Pain Disability Index are not and therefore need further description. The MPI is a 60-item self-report inventory designed to assess cognitive, behavioral, and affective response to pain. The MPI consists of 12 scales. Two of the scales (pain severity and pain interference) scales were used in the present analysis. The Pain Severity Scale consists of three questions about pain intensity which are scored 0-6. The sum score is divided by the number of questions to obtain the average scale score. An example of a question from this scale is ''Rate the level of your pain at the present moment". The mean norm for this scale in chronic pain patients is 4.2 ± 1.2 [10, 11] . The Interference Scale assesses how pain interferes with activities of daily living, work, life, and social functioning. The scale consists of nine questions each of which are scored on a 0-6 scale. The sum score, as with the prior scale, is divided by the number of questions to obtain the average scale score. An example of a question from this scale is ''In general, how much does your pain interfere with your day-to-day activities?" The mean norm for this scale in chronic pain patients is 4.0 ± 1.5 [10, 11] . The Pain Disability Index is a seven-question instrument that measures the degree that pain interferes with functioning. It is scored on a 0-10 numeric scale where zero means no disability at all, and a score of 10 signifies that all of normal activities have been totally disrupted or prevented by pain [12, 13] .
Treatment

CBT-I
Subjects received 8 weekly individual sessions of treatment which were delivered by a Masters prepared nurse therapist. The therapist's training included the following components: (1) attended a 2.5 day seminar on diagnosing and treating sleep disorders and the delivery of CBT-I; (2) viewed a series of videotaped CBT-I sessions conducted by a licensed clinical psychologist who had experience conducting CBT-I in research and clinical venues; (3) received weekly supervision (60-120 min/week) for the duration of the study by experienced therapist.
The 8 weekly session protocol adhered to the regimen specified in our published treatment manual [14] and included four central (Fig. 1 ).
Subject adherence
This was assessed in two ways: (1) via the sleep diaries (reported Time-to-Bed or Time-out-of-Bed vs. the prescribed Timeto-Bed or Time-out-of-Bed) and by a mismatch between WASO and SL to reported Time-out-of-Bed during the night; (2) via actigraphy data (marker defined Time-to-Bed or Time-out-of-Bed and/ or actigraphically assessed sleep onsets and offsets vs. prescribed Time-to-Bed or Time-out-of-Bed). Discrepancies of P15 min prompted the therapist to address this issue in session.
Contact/measurement control condition
Each subject randomized to this condition met with our nurse therapist once a week for a time period comparable to that required for CBT-I. During each session (45-90 min) the therapist and the subject reviewed the sleep/pain diary and BDI items which were above a scale score of 0 for the prior week. The items from the BDI served as topics for discussion given the rationale that life stress and depression are likely to perpetuate or intensify the patients' insomnia and pain severity. The review was interrogative only. No directed form of therapy was provided for pain, depression, or sleep disturbance.
Data analysis 2.8.1. Test for initial differences
Logistic regression was performed to determine if baseline (collected at intake) characteristics of the subjects would predict group assignment. Age, gender, body mass index, race, educational level, occupational status, Pain Interference Scale score and Pain Severity Score from the MPI, total Beck Depression Inventory, and total Insomnia Severity Score were simultaneously entered. None of the variables were able to significantly predict group assignment. Nonetheless, we controlled for these baseline variables using the backward elimination procedure. For the six sleep outcomes and nine pain functioning variables, only age was significant for the model for TST (p-value = 0.046). But to capture more information of covariates, any covariate with p-value < 0.10 was kept in the models for the analyses.
Management of missing data and multiple comparison
The impact of missing data was characterized by model estimates through two well-established missing data mechanisms: missing completely at random assumption (MCAR) and missing at random assumption (MAR) [15] . The MCAR assumption was tested by modeling the statistical ''missingness" of the patients' responses as a function of observed responses using logistic regression. If the results of logistic modeling show that missingness depends on the observed responses at baseline, then MCAR is inappropriate and Weighted Generalized Estimating Equations (WGEE) were used with weights estimated from the logistic model for missing data [15] . Otherwise, missing data follows the MCAR model and the Generalized Estimating Equations (GEE) were used to model the differences from pre-to post-treatment between the two treatment conditions.
In the present study, there was no evidence to reject MCAR and therefore the GEE procedure was used to assess treatment effects for each of the outcomes. The analysis was conducted using the Genmod procedure in SAS. Pre-post-treatment effects were modeled using the time by treatment interaction term.
The false discovery rate (FDR) was used to effectively control for Type I errors for multiple comparisons [16] . The FDR approach controls for the false positive (or discovery) rate among the tests that are declared to be positive or statistically significant, providing a more relevant and accurate criterion for statistical significance and a more effective way for controlling inflated type I errors caused by multiple testing. For the current study, the number of tests used for applying FDR is based on the number of tests from all subscale analyses with respect to the time by treatment condition interaction within each domain examined. For example, when studying the sleep functioning domain, there are six tests, representing the six interaction terms for the models for each of the six outcomes. The FDR approach, therefore, was used to determine statistical significance for each test to ensure a family-wise overall CBT of Insomnia Session by Session Treatment Protocol Session 1 -45-60 minutes (case review). The therapist reviews the case details with the patient. No active treatment is provided. Sleep/pain diaries continue. Session 2 -45-90 minutes (sleep restriction and stimulus control therapy). Baseline sleep diary data are reviewed from previous 1-2 week interval. This information sets the parameters for sleep restriction therapy and is used to guide the patient toward the treatment to be prescribed. Our standard approach is interactive/didactic. During this session, the clinician explains in detail the rationale using the Spielman Model, and the procedures from sleep restriction and stimulus control therapy. Session 3 -30-45 minutes (sleep hygiene and sleep restriction therapy adjustments). As with all sessions, sleep diary data are reviewed, continuity variables calculated, and data charted in bar graph format. The upward titration by adding 15 minutes to prescribed time in bed is initiated if the sleep efficiency was greater than 90%. Sleep hygiene instructions are reviewed. Session 4 & 5 -30-45 minutes (sleep restriction therapy adjustments). Sleep diary data are reviewed and charted. Upward titration is continued as long as sleep efficiency met at least 90% for the previous week. Session 6 -45-60 minutes (sleep restriction therapy adjustments and cognitive restructuring). Upward titration is continued and the cognitive component of the treatment regimen is initiated. Barlow-style approach to "decatastrophization" is used to address the perception of dire consequences of sleep loss. rate of a = 0.05 for the six tests. Note that covariates were not counted in determining the number of tests performed since they were not primary predictors.
Significance testing 2.9.1. Assessment of treatment response
In addition to the assessment of mean change, a responder/ remitter analysis was conducted. Treatment response was defined based on the within-subject meta-analytic norms published by Smith et al. [17] where a positive treatment response was defined as 43% improvement for SL, or 31% for NWAK, or 55% for WASO. Remission (achievement of normal sleep) was defined as an SL and WASO of less than 15 min.
Calculation of effect sizes
In order to (1) provide a standardized metric of the observed effects and (2) allow for a comparison of the present study outcomes to the prior studies and to meta-analytic norms, between and within-subject effect sizes 2 were calculated for all the sleep continuity variables.
Results
Subjects (sample acquisition and attrition)
Forty-seven subjects with chronic non-malignant pain located in the spinal region (neck and back) gave consent during the screening phase of the study. Twenty-eight subjects met study eligibility criteria and were randomized ($2:1) to either CBT-I or a contact/measurement control condition (19 CBT-I, 9 controls). Study eligible subjects were double-match randomized by a blinded third party until the 16th subject was reached; at that point a stratification procedure according to gender, age, and ethnicity occurred. The doublematching procedure was used so that a larger sample of subjects could be exposed to the experimental condition.
Of the 19 subjects not randomized, eight were screen failures for other sleep disorders, eight withdrew for personal reasons (no longer wished to participate), and three were not assigned to a treatment condition as the study had ended (Fig. 2) .
See Table 2 for subject characteristics.
Subjects (sample characteristics [n = 28])
The mean age of the subjects participating in this study was 48.7 ± 10.7 years of age. Seventy-eight percent of the sample was female. The average ISI was 17.4 ± 3.8 and this corresponded to a mean baseline SL of 39 ± 20.5, WASO of 55.2 ± 38.2, NWAK of 3.4 ± 2.3, EMA of 27.8 ± 23.8, TST of 381.2 ± 57.8, and SE of 2 Between-subject effect sizes = post Tx group differences in pooled standard deviation units. Within-subject effect sizes = pre-post change in pooled standard deviation units. Excluded from analysis (n = 0)
Excluded from analysis (n = 0) 80 ± 9.5%. The average MPI severity score was 3.9 ± 0.8 and the average MPI Interference score was 3.9 ± 1. The pain scores (out of a full scale of 7) represent moderate severity. Of the 28 subjects enrolled into the treatment phase of the study, 18 suffered from low back pain, nine from neck pain, and one from thoracic spinal pain. All subjects had a history of chronic pain for more than 6 months; 75% of the subjects had chronic pain for greater than 5 years. The site of pain did not change over the course of the study and the groups did not significantly differ with respect to the proportion of subjects that changed their treatment regimen during the treatment phase of the study (27% change in CBT-I subjects and 20% change in the control condition [p > 0.76]). Of the subjects that changed their medication regimens during treatment about 40% increased their analgesic doses, 40% decreased their analgesic doses, and about 10% changed medications though the doses were considered equipotent. To assess if improved sleep could have been associated with soporific pain, medication effects that are usually exhibited by excessive daytime sleepiness, post-treatment total score on the Insomnia Severity Scale was regressed on post-treatment total score on the Epworth Sleepiness Scale. Severity of insomnia was found to significantly predict excessive daytime sleepiness (F(1, 19) = 4.725, p = 0.043). A positive relationship between insomnia score and excessive daytime sleepiness was found. The patients with lower scores on the insomnia scale also reported less excessive daytime sleepiness. It is unlikely that improved sleep was the result of soporific pain medications. For a listing of pain medications by group, please refer to Table 2 .
Treatment response 3.3.1. Mean change in sleep continuity as assessed with sleep diaries
After controlling for a family-wise type I error at the 0.05 level using the FDR method, subjects in the CBT-I group, as compared to the control group, exhibited significant pre-post improvement (Baseline vs. 8th session). SL, WASO, NWAK, were significantly decreased (p = 0.0003, 0.003, 0.008, respectively) and SE was significantly (p = 0.002) increased. TST and EMA were not significantly changed (p = 0.14 and 0.38, respectively). The group means for these variables did, however, have a trend in the appropriate direction (>TST and <EMA). Sleep continuity as measured by the Insomnia Severity Index also showed significant improvement (p = 0.0277).
Percent of subjects that exhibited treatment responses or achieved a SE of greater than 90%
Fifteen of 19 subjects in the CBT-I group (78%) and two of nine subjects in the control group (22%) were designated as treatment responders. Eight of 19 subjects in the CBT-I group (42%) and one of nine subjects in the control group (11%) achieved normal sleep (remission).
Mean change in pain
Significant differences (p = 0.0318) were evident for the Interference Scale from the MPI. The two groups did not differ on the sleep diary measure of average daily pain (p = 0.6669), Pain Severity Scale of the MPI (p = 0.2645), and the Pain Disability Index (p = 0.0656).
Mean change in mood
Significant (p = 0.236) group differences were not seen on the Beck Depression Scale (Table 3 and Fig. 3 ).
Effect sizes
While descriptive in nature, rendering the current results in terms of effect sizes has, as noted above, the utility of (1) providing a standardized metric of the observed effects and (2) allowing for a comparison of the present study outcomes to the prior studies. Accordingly, between and within effect sizes are presented in Table 4 along with values from the prior studies [7] [8] [9] and the meta-analytic norms for Primary Insomnia [17] . The data from all the studies are derived from sleep diary assessments of SL, WASO, and NWAK. The TST data from the present study, while based on sleep diary data, differ from the others in that they are derived variables. Given these considerations, the data in Table 4 suggest that the present results are equal to or better than the prior pain studies and appear comparable to the meta-analytic norms for Primary Insomnia.
Discussion
In the present study, the efficacy of CBT-I was assessed in patients with chronic pain. Pre-post changes for sleep continuity, pain, and mood were assessed across two groups; a CBT-I group (n = 19) and a contact/measurement control group (n = 9). Overall, with a family-wise type I error controlled at the 0.05 level by the FDR method, SL, WASO, and NWAK were significantly decreased and SE was significantly increased in the group that received CBT-I, while TST and EMA were not significantly changed. The sig- Note: *Statistically significant group by time differences; within and between effect size are in Table 4 and Fig. 3 . nificant findings for SL, WASO, NWAK, and SE correspond to between-subject effect sizes of 1.44, 1.51, 0.57, and 1.52, respectively. Seventy-eight percent of the subjects who received CBT-I were designated as treatment responders (vs. 22% of the controls) and 42% were designated as in remission (vs. 11% of the controls). Confirmatory analysis using the Epworth Sleepiness Scale revealed that improved sleep was predictive of decreased daytime symptoms such as excessive daytime sleepiness. The groups did not significantly differ on the mood measures or sleep diary measures of pain. Limitations of this study include the small sample size, 25% attrition rate, and lack of objective sleep and pain measures. Although these limitations impact the strength of the study, the limitations are typical of behavioral intervention studies in patients with chronic pain.
4.1. Why was CBT-I effective? Why were the sleep continuity effects large?
The present results are consistent with the perspective that, when chronic, insomnia is indeed perpetuated by a common set of factors that function independently of precipitating events, or comorbidities. It may also be that several of the standard components of CBT-I were especially effective because the factors targeted were not less, but instead were more operative than usual. While it will ultimately take a dismantling study to appropriately address this point of view, it stands to reason that the sleep restriction and stimulus control interventions may have been particularly effective in pain patients.
In the case of sleep restriction, it is generally thought to be effective because it serves to reverse the effects of ''sleep extension", i.e., reverses the sleep homeostasis dysregulation that occurs with the expansion of sleep opportunity. This may be particularly relevant for insomnia comorbid with chronic pain as these patients may expand sleep opportunity not only in response to sleep loss but also as a means of managing pain.
In the case of stimulus control, it is generally thought to be effective because it serves to (1) establish a strong association between the bedroom and sleep via preventing non-sleep-related behaviors from occurring in the sleep environment and by allowing for sleep to occur uniquely in association with the bedroom, (2) promote a sleep schedule that is regimented and yet still tied to the experience of ''sleepiness", (3) allow for the counter-conditioning effects that come from the regular co-occurrence of sleep-related stimuli and the physiology of sleepiness and sleep. Each of these factors may also be particularly relevant for insomnia comorbid with chronic pain. Pain patients may be subject to more stimulus ''dyscontrol" than is normally the case as their pain may prompt them to seek sleep when not sleepy, to sleep in places other than the bedroom, and to engage in more non-sleep behaviors in the bedroom.
Why were no significant effects observed for pain severity?
One of the guiding hypotheses for the present study was that if sleep continuity was improved, patients would experience less pain. Physiologically this seems plausible as demonstrated by several sleep deprivation studies of healthy subjects reporting that sleep deprivation is hyperalgesic [18] [19] [20] . It was recently demonstrated, for example, that sleep continuity disruption in healthy subjects impairs psychophysical measures of endogenous pain inhibitory capacity [20] . It has also been shown, in longitudinal studies, that insomnia is an independent risk factor for development of chronic pain after acute injury, and the spread of pain from a regional disorder to a more widespread condition [18, 21, 22] .
The failure to resolve an acute post-treatment effect of CBT-I on pain severity may be due to two main factors, (1) statistical power and (2) poor temporal resolution on phenomena that may require more than 8 weeks to unfold. With respect to the issue of power, our post-treatment between group effect of CBT-I reducing MPI pain severity and diary average pain were 0.6 and 0.3, respectively. These effect sizes, although not statistically significant, would likely be resolved with a larger sample. In fact, our observed effects sizes on pain are comparable, if not better than the effects of cognitive-behavioral therapy for pain on pain severity [23] .
Furthermore, the time course of when sleep-related improvements might be expected to yield their most pronounced effects on clinical pain remains unclear. While experimental studies of healthy young adults suggest that sleep disruption induced hyperalgesia normalizes quickly after recovery sleep, this may not be the case in patients with chronic pain who have demonstrated chronic sleep disruption. Also unclear is which dimensions of sleep continuity and architecture have the most robust influence on pain sensitivity in clinical populations. Several clinical trials testing CBT-I show that many aspects of sleep, particularly total sleep time, continue to improve after treatment. This raises the distinct possibility that the effects of CBT-I on pain may be more robust during longterm follow-up periods. We are currently in the process of analyzing our follow-up data to evaluate this possibility. This said, the alternative possibility is that short and long-term gains simply do not occur in a reliable fashion in chronic pain patients precisely because the tissue/structural/system damage is irreparable and no amount of sleep-related ''healing" can alter this scenario. If one Pain interference refers to the extent to which pain interferes with daily functioning and life satisfaction. Absent robust posttreatment changes in pain severity suggests that the insomnia was independently associated with the perceived impact of pain on daily functioning and life satisfaction and that these effects were reversed with the sleep continuity improvements that occurred in the subjects treated with CBT-I. One way this might be understood is akin to how patients sometime describe the effects of opioid analgesics. The pain may remain present or relatively constant, but it ''seems to matter less." This distinction between pain and pain-related interference will require further investigation as it is quite possible that improvements in sleep quality may indirectly improve pain-related outcomes via bolstering active coping resources. With respect to the potential clinical significance of the reductions in pain-related interference it would seem that the consequences of insomnia on daytime function pale in comparison to those of chronic pain. But this may not be the case. The effect size for pain interference was moderate to large (0.71) and the change in the mean scale score was of a magnitude deemed clinically relevant for pain interventions. That is, in the present study, there was a 1.1 decrease on a scale where P 0.6 point decreases are considered clinically relevant [24, 25] .
In summary, the sleep continuity results of this study provide further evidence that CBT-I can be effectively applied to patients with chronic pain. Further, when the present results are viewed alongside the other insomnia and chronic pain RCTs and the meta-analytic norms for Primary Insomnia, it appears that the within-subject effect sizes equal, or exceed, these ''benchmarks." This high level of comparability not only serves to increase confidence in the broad applicability of CBT-I, but also calls into question the validity and/or utility of the nosologic distinction between Primary and Secondary Insomnia. That is, if the treatment indications and outcomes are the same then the different diagnostic labels have only limited usefulness and only serve to denote a potential precipitant and/or a current comorbidity. This being the case, the current term ''insomnia comorbid with chronic pain" (vs. Secondary Insomnia or Insomnia Secondary to chronic pain) may indeed be more apropos.
Future studies are needed to determine (1) the durability of acute treatment effects, (2) what components of CBT-I work best (and what components are unnecessary) for insomnia comorbid with chronic pain, (3) what components might be added to produce greater clinical effects, and (4) how CBT-I affects medico-economic outcomes like health care utilization and work function.
